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(54) FILM FORMING METHOD BY ELECTROLYSIS 

(57) Abstract: 

PURPOSE: To produce a thin film composed of charge 
transfer rate-determining element and excellent in 
smoothness. 

CONSTITUTION: Pulse plating is executed by following 
conditions. A NiS0 4 .6H 2 0 (0.1mol/l) H 3 B0 3 (0.5mol/l) 

electrolyte containing Ni is used as the electrolyte. The 
hydrogen ion concn. of the electrolyte is pH4 and the 
temp, is 25°C. Where, L means 1000cm 3 . The pulse 
potential Thigh is controlled to -2500mV. An impressing 
time Thigh is controlled to 100^s and the ratio (r) 
(=Tlow/Thigh) of the pulse potential impressing time is 
controlled to 1. The electrodeposition is executed until the 
thickness of an electrodeposition film reaches 50nm. As a 
result the thin film of the charge transfer rate-determining 



element such as nickel, iron, cobalt is produced without 
hydrogen mark. And the production cost is reduced since 
a low concn. solution is used. Particularly the method is 
useful for the production of an IC reed frame, a magnetic 
head, the core of a coil. 
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(54) BmeD««] 

(57) 

J2> «!Bf»lft#i£7c*"C*>SN i Sr&irN i SO* * 6 
H 2 0 (0. lmo 1/L) H3BO3 (0. 5mo 1/ 

l) Lfc. ra>«W«©7K*-fd-v»«B: 

pH4-Cfc^Mli2 5 ( Cm LttlOO 
0 cm 3 £r^;bt~o ^/^«(ftEhightt- 2 5 0 0 mV 
t b/co *fc. WJP^BBThighli IOOms^U ^Vv 

xm&mmmitr (=Tiow/Thi g h) = i^bfc e 

tt»S««^ 1 6 i J: # W3f£5 ©-e, h*r 



(03) 





1 

las** i ] mffiRfo^<Dmffi®mmmmmm& t 
[»#* 2 ] m&m i KiB«<£>«m- * s/s^&k 

33V^T. ^/W*«teSr Ehigh, ElowkU ^/U^«fft 
E high<£> PpiPB^ fHJ Sr T high, XA*;* E low <£> flttPE^ 
F^Tlowi: bfc£#, Ehigh^-2 5 0 OmV, Ehi 
gh-Elow^- 1 0 0 OmVttS Thigh> 1 

O^s, Tlow>0 b1rZ>^b%:mmb1rZ>WM\z-&Z> 

J:2>*J»*j£^*5V^^ AVv*«4fc«:Ehigh, Elowi: 
U ^v^«ffiEhighOPPJP«praSr Thigh, 
Elow<^PJPf^R5£Tlowk Lfct Ehigh^- 2 5 
OOmV, Ehigh-Elow^- 1 0 0 OmVtt^i:* 
fc:, Tlow/Thigh< 1 0. Tlow>0 irt^r ££4$ 

H*#*4 ] 1**9 i 3 cov^tt^^iatt 

Elowirb. Ehigh^ — 2 5 0 OmV, Ehigh-Elow 
^-100 OmVit^t*^ ffi!»«:7 5 nm*J«i 

5 ] l j&>fe«#*4 ^Tfta^iB* 

^>t«f j; s mm^m m *5 v ^ t s mft e high, 

Elow£b N Ehigh^- 2 5 0 OmV, Ehigh— Elow 
mm&O. 05mol/LJ:!l*it5ri:t1Wtit 

6 ] i frbtd&X 5 a>v^*bj&>fce« 

<fc £ JG^ftfr ifcU:*5V . s<SlrX m& & E high, 
Elow k U ^w^«ffiEhighOgttP^MSr Thigh, s< 

/^«ffiElow^>BJJP«FM4-Tlowi: bfct#, Thigh 
> 1 0 s , Tlow> 0 SuIStc^^>«^ 

«*tf>S*£0. 05mol/LJ;D^i:nrfc*« 

7 J ft** 1 feW** 6 (D^TM^mm 
<D&M\z <£ S/fcBfcfrifcfc&v ^/Kxftft^rE high, 
Elow^rU ^^tlffiEhigh<DSlJP«FBflS:Thigh, ^ 
/V^mffiElowCOTOP^Fra^rTlow^ bfc^r#. Thigh 
>10m> Tlow>0 k*K^ Tlow/Thigh 
<10kirZ>^k £r<Hrtt £ *T J; 5/fttt#tfc 0 

s ] m&m i a»fe»*s i ^-t^kie* 

<^«*F^«t5j«l«^fe^*5V^T. Ehigh, 
Elow^U ^/W-XttffiEhighORPJP^BBSrThigh, s< 
^^«ffiElow©BUP«PBBS:Tlow4: U Tlow/Thi 
gh= r £ Ehigh^-2 5 0 OmV, Ehigh- 

Elow^- 10 0 OmV^«^C, Thigh/ r > 1 
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2 

0. Tlow>0fc-rsrfc*4«p«trs««WJ:J:5^M 
[0 0 0 1] 

10 [0 0 0 2] 

20 ft, =^hft^^««f»»#ifi5c*«>*»E: 

[0 0 0 3] 

[«l8)65#pa:bJ:5 4r-rSHyH] ±IB<Z>mS^fe, 
[0 0 0 4] 

40 [0 0 0 5] »2©«^"t*f^ r^Pjjii, ±fBSj^O 
«W^^:J:S^RK*^fe^^:*3V^r. Ehigh, E 

lowtU ^/^«ffiEhigh^>RPJP^IHSrThigh, ^/v- 
^1tffiElow^>H3Jn«rWSrTlowk bfck#, Ehigh^ 
-2 5 0 0mV, Ehigh-Elow^- 1 0 0 OmV^f 
Z>k&{^ Thigh>10/zs. Tlow>0 k1r%^ k%: 

[0006] jgaoft^-e^ rco^P^ti, ±_wm$L<n 
«*P^J;SfiKJR*'^fe^^:*5V^T. ^V^«ffi«rEhigh, E 
low^U ^/v^«ffiEhighOSPJP^MSr Thigh, ^Vv 
50 ^ttteElow<?3!BlJP^MSrTlowi:bfci:t. Ehigh=^ 




3 

-2 5 0 0mV. Ehigh-Elow^- 1 0 0 OmV b1r 
%tmz., Tlow/Thigh< 1 0. Tlow>Oi:t~£- 

[0 0 0 7] «4<0«^tts -hfMt/&£> 
««^J;SJ«l«^rife^*5V^'r. Ehigh, E 

low^U Ehigh^- 2 5 0 OmV. Ehigh-Elow^ 
-10 0 OmVt««l^ JKJ¥£r7 5 nm*ltt 

[0 0 0 8] S5^*C{^ £0>38Wtt\ ±IS«^0 
«)¥^^:J:S^SR*ffi^^:*5V^T. ^/w*«fc£r Ehigh, E 
lowirU Ehigh^-2 5 0 OmV. Ehigh- Elow ^ 

S£rO. 0 5mol/LJ;*)^tt5ri:Sr»«i:t5 

[0009] »6<o«jR-m, ±mmj&<D 

W#fr£&tfaB&jmz#^X, >*/w*1tte*Ehigh, E 
low tU ^yw^«fifcEhigh<oBttP«FraS:Thigh, ^Vw 
^ Stt E low CO PP^JO t ffl ^ T lo w <h Lfc i: ^ , Thigh> 
10ms, Tlow> 0 h-rztmz., wIUtz&oGMWL 
0. 05mol/LJ:!)*J:t5-i:S:»« 

[ooio] S57<o«,£-c»\ w<z>«il». ±um&<D 

imK£&titi^mz#^Xs ^^Sffi^Ehigh, E 
lowfcU ^/v^«(fcEhighOB3*PWFraSErThigh ( 
^«ttElowOWJP«FM*Tlowi:bfci:t, Thigh> 
10m s. Tlow>0 ttSi:^ Tlow/Thigh< 
1 0 fct"*-fc*^ii"5^^*Stffflt*ffi«r»« 

[0 0 11] »8<0«jfc-?tts ±IB«*^ 
«»^J;5^l»*ffi^*5V^r, /^w*«teSr Ehigh, E 
lowiU ^/u^«fitEhighcoBlJn«rlBSr Thigh, 
^tt<jfcElowOR3*P«FlW*Tlowi: U Tlow/Thigh 
= r£bfci:#. Ehigh^-2 5 0 OmV x Ehigh-E 
low^-1 0 0 0mVi:t5i:^ Thigh/ r > 1 
0. Tlow>0 bT%Zk%Wmt1rZ>mM\z£Z>I&^ 

[0 0 12] 

EI 1K^1-<J: 5Ms ^/v;*®K£: Ehigh, Elow 
£~T£2:£. Ehigh, Elow«r«£SfMU ^Vw^Ehi 
gh^jiW^ift*^*^^^**^**^*^^^ 
^/vjx«ffiElow^»zK*ottA«©^$«^i-S<t 5 
^*T£o ^/^EhighO^JP^reThigh-Ctt. 
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4 

K)#^7C^ 2 *5 J:t«»«lftStfB 3 a <D7&m 3 36S|3«p^«f 
ffl-T^o ^V^ElowO^Jn^MTlow-Cfix HI 

#ft«?a3 b607K^3co^.^^§o 

flrffi bTi^fc»ffl&^i'& 3 a asjfclfcW:*:* f£fm 3 b d 

ofc^wa 3b**y- k«* i (DmMt^nM^.^ v> m 

10 [0013] 

1 0 0O«/£|I]T*fc£o ^M/^Xt«'>^TA 

looit nmm 1 o *A*t;fcss& iou, 1 o 
i rt^BE«**tfcAuas[<o^y— k««i #y-K 
«*i^*r*t*sp t»<z>ry-K««i o 2 4:, # 
mwm (Mm-R^vnm • seo 103^, #y— k 

1 <Z>«WK^M»«riW^i"«' Q CM 10 4 (/kilfi 
20 ft^^^^n^^V^^g : MAXTEX Inc;PM740) Q 
CM 10 4 JxfcftMWIfB 10 5 2:. ffflWfflS 105 

^^1/^10 7 (t«X» : HB-211) #y 

-^108i, CtfV^W^KjflW (Thigh, Tlow) i-S 
<5#^W*«ffi (Ehigh, Elow) ^^-r^^^v- 
t^^M09 (ifciftllS : HA-305) fc. Z.<D7$y^ 
l/*/3r*#y MO 9^«»*ixfcia»«Bl 10 2:.® 
jH^jft^Sr^^^-t**^^! 3 — :/l 1 1 (SONY/TEK 
30 TRONIX® : TM501,AM503) »&Tf**s***—7 1 1 2 
(HEWLETT PACKARD®* : 54503A) t , £ <D^~-> n^rs — 
711 2\c&mZti1t?**y& 1 1 3ird^«*$*t 

ho 

[0014] 2: AD 

[Hlfcl] mrta^Vv^SfirElow^ft^^rT, IffK 

fc^N i Srg-tfN i SO* • 6H2O (0. lmol/ 
L) H3BO3 (0. 5mo 1/L) «^^^rffiffll-^o 
40 ^ (0«B« 1 0 OTk^^T 7t>m&YSi P H 4 "Cfc 9 . MS 
fi2 5t;"e*5o «rffi**-<*^»*B:1«»c:i5fI«E 
bfco ft*5s LtilOOOcm 3 

Ehightt- 2 5 0 0 mV t bfc e Z.ti\*mft<D&WSL* 
y^r-ett, ttttf - 2 5 0 0 mV<^) i # l!lJt«tt¥»ft 

«w«i)5s»e>*t6fc«>"e*)S (-2 5oomv»T(a 

tt»^>*V^ 0 *fc. BJjp^MThighttl 0 0 // 
s^U /^tftW^ra^r (=Tlow/Thigh) 
- 1 t Lfco mW^, MIBQCMl 0 4-C^r^ boo 

50 «*fK*B»^ *SES!«^eiR<* (SEM: 



S^tfc, JSM-T100) ^<fc<9i 



(S EM : B*«^»=S;^tt, JS 



5 

MSbfe* 

El 5 o (a) - (c) ic^tlt^te, «WBi0>*ffi<z>2K 
*&<^»#*i&s*^bTV^ 0 EI 5 CO (d) J*, J#R<E> 

[0 0 15] [3»2] 

nuISSI JD^rfl Thigh = T low - T SrS-fb £ ii:T««f JR* 

WWT^10//s, 100m, 10 
0 0 m s i UTSfljEUfco fltfB«#P« 1 0 tt. _L1BRJ« 
^«*P«Srffiffi bfc Q ^/V^«ffiEhighfi- 2 5 0 0m 
V t bfco ^/V^WftElowfi- lOOOmVt bfc c 
fuSSQ CM 1 0 4 T^^^ Loot«Tlg(Ol 

m-tioo) 

im9d&!£} men, mmmT^mt^^m^m 

tffg©SItt©»^t S EM^T^^o me<D 
(a) K^Ti?^ WfflT=10//s©I^: 

*.fejtSo 06co (b) (c) ^*i-J;5^ TOR^fg 
T=100/is EJUi©^^*, ««fl»«>«B50**Sl[ 

[0016] mm 3 ] HiriB^^mffiBttp^wit r 

(=T low/Thigh) Sr^ffcSiirT. ItfrMI^rW 
bfc 0 

[£lB«fe#] ^V^«firR3jP«FBBJt r 0 . 1 , 1 , 1 

0 t t,xmm^1t 0 WSSlOli, »R2 4rH«<E>«#p 

*sr«fflufco mm2tmm, ^/w*«teEhi g h 

tt-2 5 0 0mVi:U ^w^«ffiElow !t~100 
it (SEM: B#«-?0e5££tffc, JSM-T100) fcl,J;!>«|§S 

fcS 0 m7<D (a) (b) **«0>4>tt 
v^»fttKffJR3as#feJxTV>So 07(7) (c) t^-TJ: 

a, 0.1, 50, -2500, -500, 100, 

b, 0.1, 50, 

c, 0.1, 50, 

d, 0.1, 50, 

e , 0.1, 50, 

f, 0.1, 

g, 0.1, 
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6 

* [0017] ewu] m$rm<Dmm*m££ j £x, m 

«W«0>K*«rl Onm, 2 5nm, 5 0 
nm, 7 5nm, 1 0 0 nmtLTiSLfeo 1<»«1 

fcl^BL ^V;*«ffiEhighi*- 2 5 0 0mVtU 
^«{fcElow tt- 1 0 0 OmVir bfc 0 *fc, TOPS? 
MThighfi 1 0 0 v s t U ^/l^«tefTOnP$f5ifc r = 

1 4: bfco ««m^«#fffili8ffii^ £&Stt?KfHR 
10 (SEM: 0#«^4te£^tt, JSM-T100) *5«fct*;£SE3! 

bV^/HEfiSctt (STM : Digital Instruments Nanosc 
opell) MJ: t>«SlbtfL e 

•wjRo^B^iBo^a^-rsEM^M^fcSo a 8 
o (a) — ( c ) ^-r&a^, **3Ko^ftv^»* 

IMflR^Wfejxfco E180 (d) (e) fcjjrTiSfc:. 

3&S»#LTV^ 0 090 (a) — (d) f* s g)8<£> 
(a) - (d) l^jSt5STM?Jt^*>5o 

20 [0018] [js# 5 ] i o <omm$:mk£ j & 

«#r*l 0©»«Srlmo 1 /L, 0. 5 
mol/L, 0. lmol/L, 0. 05mol/L, 
0. 0 1 m o 1 / L i UigLfc. •)»« 1 0 

**2iRli:i:lfco *fc. ^*2tRI 
^w^«ffiEhigh»-2 50 0mVtU s<;V*m 
ffiElowfi- 1 0 0 OmV£ bfc 0 HttPRFWThi 
ghf* 100/istU ✓^^^ffcro&PBSBBJ*: r = Ul 
fc. «W*«)«WJIII«Wr4, j££S*?H1NR (SE 
30 M: B#«^#5S£?t±, JSM-T100) MJ; 9««l,fco 

So EllO^ (a) — (c) M^tit^te. 
ftV^sp»tt«W«*S»b*tfc. miO<D (d) (e) K 
mBtifiO. 0 5mol/Li^T^i: 

[0019] &±<Dffi%z<Dy*— ^ B i: #>fco 
^JgB£>Ji[Ii3:, ^-^ft^HS NiiS (mo 1/ 
L) , ^ff (nm) , Ehigh (mV) , Elow (m 
40 V) , Thigh (a* s) , Tlow (/* s) , r (=Tlow 
/Thigh) , Ehigh- Elow (raV) , Thigh/ r (** 

s) -efc^o 



100, 1, -2000, 100 

1000, 100, 100, 1, -1500, 100 

1500, 100, 100, 1, -1000, 100 

1000, 1000, 1000, 1, -1500, 1000 

1000, 100, 10, 0.1, -1500, 1000 

10, -2500, -1000, 100, 100, 1, -1500, 100 

25, -2500, -1000, 100, 10(501, -1500, 100 



-2500, 
-2500, 
-2500, 
-2500, 



(5) 
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h, 0.5, 50, -2500, -1000, 

i , 1.0, 50, -2500, -1000, 

0.1, 50, -2500, -2500, 

0.1, 50, -2500, -1000, 

0.1, 50, -2500, -1000, 

0.1, 75, -2500, -1000, 



100, 100, 1, 
100, 100, 1, 



-1500, 
-1500, 



100 
100 



J , 
k, 
1 , 
m, 
n, 
o , 



100, 100, 1, 0, 100 
10, 10, 1, -1500, 10 
100, 1000, 10, -1500, 10 
100, 100, 1, -1500, 100 



0.1, 100, -2500, -1000, 100, 100, 1, -1500, 100 

0.05, 50, -2500, -1000, 100, 100, 1, -1500, 100 

p, 0.01, 50, -2500, -1000, 100, 100, 1, -1500, 100 
1 1 1 —H] 1 7^)^7 71^ v Y 



[0 0 2 0] Ell l^^J5i5^ Ehigh^-2 5 0 
OmV. Ehigh-Elow^-1 OOOmV^t^^* 
^ Thigh>10^s N Tlow> 0 klTZ><0&& 1 & L 
V\ Ml 2*»e>¥U£J: 5^ Ehigh^-2 5 0 OmV. 
Ehigh-Elow^- 1 0 O OmVi:t^^*i^ Tlow 
/Thigh<10, Tlow>0 ftZZ k&&'&L'*\ H 
1 3j&>b¥U5J;5fc, Ehigh^- 2 5 O OmV. Ehigh 
-Elow^~ 1 O O OmVtf§«^ mm%7 5 n 20 
m*»f:i-S<Oi6$«F*Uv\ Ml 4 5 E 
high^-2 5 0 0mV N Ehigh- E low ^ - 1 O O O m 

mo l/L£Q*:b-tZ>Zhi>WSil'\'\ mi 5t>h^i 
^<fc5l-, Thigh> 1 O ix s . Tlow>0 

1ttte7cm&Wim<P<O9k9t&0. 05mol/LJ; 
0 bv\, Hi 6a>fe¥U5J:5fc- Thi 

gh>10//s s Tlow> O hirZ> Tlow/Thi 

gh< l 0 tt5^»* uv\ Bi7^b*iJ$J;5^ 
Tlow/Thigh= r £ Ufct#, Ehigh^ - 2 5 O O m 30 
V. Ehigh-Elow^- 1 O O OmVitSi:*^ T 
high/r>10, Tlow>0 t^T^CO^m^ LV\ 
[0 0 2 1] 

[ID 1 ] X/i/^jR^|g"C*>S 0 40 
[El 2] EhighglJD^ra^^=y^*5J:W**^>»7c 

[H3] Eiowmmm*<D&m<Dm^M%^irmm 

[EI 4] ^^^M^d^SS^ffi^^WW^^T-^Sr 

[HI 5] ^v^«ffiElow&StfbSltrfc»^<Olt*fllSiO 

[HI6] WiP^MThigh*gE>fbSii:fci&^<3!>«*fJRo* 
ffi*t*6Sr*-T S EM^StfcSo * 50 



* [EI 7 ] s<;isxWSLfPMV$W\)k r £^£ii:^i§^9® 

[El 8] Bi»*»bS*fc»^o«Wllt^*ffiiRf8Sr« 

[EI 9] J^&^S*fc»^0«Wl«^*ffiiRlfi©SC 

[Ell O] «tlf*^«***{fcS*fc*^©1WfIR«)* 

[Ell 1] (Ehigh-Elow) tt£Thigh*a©ffi«JiK 

[Ell 2] (Ehigh-Elow) %t r fi^M^-hl-^— 

[Ell 3] (Ehigh-Elow) tti:JKffW^mf-b^'r r 

[Ell 4] (Ehigh-Elow) ttfcN ijftftttOJffiflLL 

[Ell 5] Thightt^N iM«l±^f-^^^ 
ns» Nbfc^^^ElT^fe^o 

[Ell 6] Thighftti£ r tt<^Jffi«-h^7*— ^t^Py h 
[Ell 7] (Ehigh-Elow) Thigh/ ri 
[«F#0>tt«l 



1 
2 
3 

3a, 3 b 
10 0 
1 0 
10 1 
10 2 
10 3 
10 4 
10 5 
10 6 
10 7 
10 8 
10 9 
110 
111 



QCM 



112 



£10* 



Ehigh 



[Ml] 

(Hi) 



TlOK 



Tbieh 
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10 



[14] 



(04) 



1 0 6 ^ 



1 0 5 ^ 



3£t& 7o — -? 



1 1 3 



1 0 8 



£ ® fi M/U-X « w x ^ A 
10 0 



7 r y ? *s m y a * 



1 0 1 s 



1 0 4 



QCM 



1 1 2 I o 



1 1 1 



3/ 



S« 1 0 / 



.Z2 



1 1 0 



1 0 9 

I 



10 3 



[011] 



[mi 2] 



(Eh— B L ) fcTh 



los(Th) (Th) 
3 (1000) 



U00)> J ~- 
(10) — 



-1000 -1500 -2000 
Eh -El 



mi i> 



bus =50 

Eh =-2500 



r =TI/Th= 1 



(Eh-Bl )tr(=Tl/Th) (012) 
lDg(r) (r) 

Nia 

A J Bh 

Th 

ft 



1 


<10) 


0 


(1) : 


-L 


(0-1) 



t=0. I 

= 5 0 

=-250 0 
= 100 



-1000 -1500 -2000 
Eh-El 



(7) 
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[88 5] 




(b) E(low)=— lOOOmV 




(c) E(low) =— 1500mV (d) E=—2500mV 

(Direct electrolysis) 



(8) 



-319597 



me) 



[Hi 3] 



(H6) 

(a) 




(Eh-El ) 

100 r r — 



75 
50 



2$ 
10 



-1000 -1500 -2000 



(013) 



N1»S=0. 1 

Eh =-2500 
Th =100 
T 1 =10 0 
r=TI/Tti=l 



T=10 ius 



(b) 



Pulse conditions 



E httt h - -250QmV 
E,„ w = -lOOOmV 
r=Ti 0 w/T h tmh =1 
f/VJ af > O.lmolA, 
Thtckness= 50m 




T=100//S 




(9) 
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r=0. 1 




Pulse conditions 



- -25O0aV 
E tow = -lOQQaV 
T hlmh = lOO/is 
fffi a+ > 0.1m I A 
Thickness^ SOnm 



r=l 



(10) 
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[0 8 1 

(H8) 




50 nm 
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[010] 




1 mol/diri 



0. 05 mol/dm a 



(b)| 



0. 5 mol/dm £ 




0. 01 mol/diri 




Pulse conditions 



E htmh = -Z5O0I7K 
Thickness- 50nM 



0. 1 mol/dm 3 

[01 4] 



[016] 



(Eh-Bl) fcNlWg 
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